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(57> Abstract 

Liquid solvent mixtures having superior cleaning powen especially for photoresist and fingernail enamel, include polar 
compounds, such as ethylene diacetate, and alicyclic carbonates, such as ethylene carbonate. The solvent mixtures exhibit a low 
toxicity and have chemical and physical properties that reduce the risk of exposing the user to other unnecessary hazardous con- 
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LOW TOXicrrr liquid solvent 

Bflckf fround of the Invention 
The present invention relates to liquid orjanio solvents. 
O^ic solvents ere oseM es cleaners In hith teohnolosical industries, such 
5 as the aerospace and electronic industry, as well as in ever, da, appllcaf ons 
encountered In the typical household. Solvent cleaning is currently ac=on,pl,shed 
usInB a variety of hisWy or n,oderateIy toxic solvents. Because of the gr=w.nr 
conoem for personal safety, personal health and the environment, both the federal 
„d Stat, jovemments are promulgating increasingly stringent criten. wh.ch 
10 «,lv.nt manufacturers and users must comply with to ensure the health and saf e y 
of those workinr with and around such solvents. For Instance, the Cal,fom,a Stat, 
ieeislature limits the use of volatile solvents by requiring that they have a vapor 
orcssure below about 45 mm Hi at JO»C. In addition, environmental concerns and 
retulations require that such solvents be disposed of in a manner tha. wiU no, 
15 adversely affect the environment. For many users of such solvents, this disposal 
ceneraUy translates into Increased operatine costs. ^ . . .. , 

A primary consideration to the user of an organic solvent .s the toxicity of 
the components making up the solvent mixture. Although personal safety c«. be 
promoted primarily by preventing direct contact and exposure to such solvents by 
20 not acceding published thrashold values, such generalized policies do not taice 
toto consideration Individual sensitivities or th. possibility of an accden al 
exposure to .mount, in .xo«» of a». threshold values. The fl.mm.b.hty, 
volatility, cleaning ability. stabiUt, during storage, and odor are other factors 
that are considered b, the user in choosing a particular solvent. One solvent that 
25 has fo».d widespread appUcition in Industrial applications, such as the aerospace 
industry, is methylethylketone (MEK). Although IXEK is generally considered a 
satisfactory solvent from a .l.«.ing effectiveness standpoint, there Is a growing 
concern that the toxicity and fUunmablllty of MEK exposes users to unnecessary 
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rislcs. Moreover, the expense associated with the 
safe disposal of MEK is 5 to 10 tines greater than 
the amount the user initially pays for the MEK. 

Therefore, increasing efforts are being 
5 devoted to developing substantially nontoxic 
solvents that exhibit low flainmability, superior 
cleaning ability, have a pleasant odor, and are 
stable during storage. Such solvents will be safe 
to use not only in large scale industrial 
10 applications, but also on . the much smaller scale 
encountered in every day household cleaning chores. 

ffVTnUli^rY Ir>vention 

According to one aspect of the invention, 
there is provided a solvent comprising at least one 
15 alicyclic carbonate, and at least one polar 
compound selected from the group consisting of 
alkyl diesters, alkyl diethers, and alkyl compounds 
containing both ester and ether groups. 

According to another aspect of the 

20 invention, there is provided a method of removing 
a residue from a solid substrate comprising the 
step of contacting the residue with a liquid 
mixture comprising at least one alicyclic carbonate 
and at least one polar compound selected from the 

25 group consisting of alkyl diethers, alkyl diesters, 
and alkyl compounds .containing both ester and ether 
groups . 

According to yet another aspect of the 
invention, there is provided a method for removing 
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photoresist comprising the step of contacting a 
coated part with a mixture of a polar compound 
selected from the group consisting of alkyl ethers, 
alkyl esters and alkyl compounds containing both 
ester and ether groups and an alicyclic carbonate 
for about 1-30 minutes. 

According to a further aspect of the 
invention, there is provided a cleaning solvent 
that is substantially nonflammable and 
substantially nonvolatile, comprising a mixture of 
at least one aliphatic carbonate and a polar 
compound, the mixture exhibiting a distinct 
exotherm under differential scanning calorimetry. 

The present invention is a liquid solvent 
that exhibits low toxicity and superior cleaning 
ability. The solvent includes a mixture of an 
alicyclic carbonate and a polar compound selected 
from the group consisting of alkyl diethers, alkyl 
diesters, and alkyl compounds containing both ester 
and ether groups. A preferred alicyclic carbonate 
is ethylene carbonate, and a preferred polar 
compound is ethylene diacetate. The polar compound 
is preferably capable of forming a liquid mixture 
with the alicyclic carbonate at a temperature below 
the normal solidifying temperature of the alicyclic 
carbonate. When the preferred ethylene carbonate 
and ethylene diacetate are mixed in about equal 
volumes, an eutectic mixture is formed that has 
enhanced handling and reclaiming properties. In 
mixtures different from the eutectic composition, 
the eutectic will be present with an excess of one 
compound. When such a solution is solidified. 
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either the eutectic will solidify leaving the 
excess component or the excess component will 
solidify, leaving the eutectic. 

The eutectic composition can be combined 
with other components to form further improved 
solvents. Additives can be used to reduce the 
surface tension of the solvent, increase its 
ability to clean greases and oils, and reduce its 
aggressiveness for acrylics. The solvent 

effectively removes residues such as oils, greases, 
epoxy resins, organic adhesives, waxes, 
photoresist, inks, or fingernail enamel from solid 

substrates . 

The present invention provides a low 
toxicity solvent that effectively dissolves many 
residues. The preferred solvent is essentially 
nonflammable and has a vapor pressure that is well 
below the ranges established by various 
governmental agencies as being acceptable to insure 
20 personal safety and reduce long-term health risks 
due to excessive exposure. The nonhazardous nature 
of the solvent reduces the degree of user 
apprehension normally associated with the use of 
solvents that expose the user to questionable 
25 hazards and toxicological risks. The solvent is 
virtually odor free and is stable under storage 
conditions. Further, the increasing costs normally 
associated with the. disposal of toxic hazardous 
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subsfnces .re circumvented or reduced because the low toxicity of the present 
invention allows it to be disposed of b, means that are less costly than the means 
necessary to dispose of hazardous substances. 

Other obiects. features, and advanta.es of the present invent.on w.ll be 
5 readll, apparent from the following description of certain preferred embod.ments 
thereof, talcen in ooniunction with the accompanying drawings It .s to be 
undarstood that variations and modifications may be affected w.thout depart.ng 
from the spirit and scope of the novel concepts of the present invention. 

Brief Description of the Drawmes 
FIGURES 1 through 11 graphicaUy illustrate the results of a differential 
scanning oalorimetry analysis of different formulations of the liquid solvent m 

accordance with the present invention. 

n.f.li.rt n«seriDtion "f the Invention 
AS an overview, it has been found that a particularly effective aprotic liquid 
15 solvent is provided when a liquid mixture of an alicyclic carbonate and a polar 
compound selected from the ^roup consisting of alicyl diethers. allcyl diesters. and 
alkyl compounds containing both ester and ether groups, is formed. For example, 
U has been found that a preferred mixture of ethylene diacetate and ethylene 
carbonate provides a liquid solvent with superior cleaning properties. Generally, 
20 the mixtures exhibit a solidifying temperature that is below the normal 
solidification temperature of its alkylene carbonate component; for mstance a 
depression of the solidification point of ethylene carbonate below about 36.4 C. 
Preferably, the resulting mixture Is a liquid at or near ambient temperatures. 

The polar compounds which are useful in the present invention are generally 
25 of the type that include at least one electronegative oxygen capable of dissolving 
the alicyclic carbonate and residues to be cleaned. With regard to the ahcychc 
carbonate, the electronegativity of the oxygen enables the polar compound to 
form a liquid mixture with the alicyclic carbonate at temperatures below the 
normal solidifying point of the alicyclic carbonate, preferably at room 
30 temperature. The affinity between the electronegative oxygen and the ahcychc 
carbonate is stronger than the affinity between adjacent alicyclic carbonate 
molecules when it solidifies. "Thus, the polar compounds are able to dissolve the 
alicyclic carbonates under conditions at which the alicyclic carbonate would 
normaUy be a solid. This is particularly advantageous when the ahcychc 
35 carbonate is the preferred ethylene carbonate which is normally a sohd at 
temperatures below about 36.4 °C. 
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The pol« compound preferably includes fte strongly polar .Iky. diesters, 
..,::r: or .i;. ..pounds con.,nln, - 

^^^^^^ 

r::r groups^ .e ^™»e.,c „ds. 

con>pomds incli-d. ethylene glycol monoacetate and ethyl 3 ethoxy p P 
Prrrrably, the polar eompound is saturated so that the oxygen contam.ng group 
IS orC^ In the .ol.«^ chin en rotate freely enahling the. to .ore read.,, 
adept to and disaoWe the laicyclic carbonate ana residue. 

yTcoordingl,, the aprottc solvent of the present invention generally mclude^ a 
If I alicyclic carbonate and a dipolar alKyl die.her or d.es.er 
::rulJ^ Teutt,. ^..tur. Of ethylene carbonate and ethylene diacetate 
20 !2T-bine, exposed oxygen on the alicyclic carbonate with the solvent 
nrooerties of the dipolar diether or diester. 

Ett,yl.n. dUcetate is . colorless liquid that exhibits a f.mt o or and .s 
solubuT water in amounts up to about 10*. The boiling point of ethylene 
dt!ute is »0.5-C, end Its freezing point is -41.5-C. The "Por pressure 
25 Ti^Ued by ethylene diacetate at Is 0.3 .nm Kg and >ts flas^^cnt » 

TTc Ethylene ^ ^^""^ '^'^'"'^ ' T 

^*gs . LuLe esters and ethers, resins, lackers, and printing Injcs. Ethy^ne 

ILte ..y be derived fro. either ethylene glycol and .oetlc ecd or ethylene 
dlchlorlde in sodlu. acetate. ^ ^ 

30 Ethylene carbonate, the prererrea atiuywiu ^ , 

edorless Llld a. te.peratures below about 36.4-C. The boHlng pou> of et , en. 
carbonate Is m'C «!d its n«>^.int Is 143.7-C. Ethylene « ~ ^ ' 

with water, alcohol, ethyl aceUte. benzene. «>d chloroform and >s soluble m 
Z. n-b tanol, ^ carbon tetrechloHde. Ethylene carbonate ,s general., 
35 ered . low toxic solvent for man, po.,mers and resins, and ,s useful .n 

nit extraction, the s,n«»sis of pharmaceutic's. 
textile flnUhtag ^ts- One met.»d of preparing ethylene carbonate » b, the 
interaction of ethylene glycol with phosgene. 
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Mother preferred licyclic c«-bo„..e is propylene crboaete, wh,eh l.k 
Another P temperatures .bove about 

ethylene carbonate, .s an odorless, colorless q nashpoint is 

40 ,'C The boiling point of propylene carbonate .s J41.7 C and lia p 
; .»C. Propylen! carbonate Is .iscible with acetone, benzene, cWorofor. 
, ; and eth^l aceUte and is moderately soluble in water and carbon 
.,.1 Propylene carbonate is useful in solvent extractions, as a 

rr. ; inrXsynt-i. - — - — - - - ■ -ti 

C Zin in, sowent. Ethylene carbonate U t.e preferred 
Laus the electronegativity of the exposed oxygen .s greater n ethylene 
10 carbonate than in the propylene carbonate or other alicychc carbonates 

I. is the electronegativity of the oxygen containmg groups of the polar 
. • »,„bi„.tion with the electronegativity of the carbonate group m the 
°a^^ cZ-rrh enables the present invention to 
,Z .bmtv intermolecular interactions between the molecules of the solvent 
H -Ives varymg degrees of van der W..S type bondi^ 

ltr.re general., stronger than the molecular interactions between molecu 
r.h. rJdue «,d between molecules of the residue «.d molecules of the 
1 The stronger intermolecular interaction between the solvent molecules 

TdtslLTolecule: enables the solvent mixture of the present invention to be a 

,S voluL percent ethylene dlaceta.e with the remainder ethylene car^nate 
The preferred mixtures are liquids at or around room temperature, ,.e., 20 C. The 
ZoZ Of ethylene diacetat. and ethylene carbonate, within the above range 
2, wmTe varied primarily upon consideration of the particular purpose for wh.ch the 
^ vent is bein used. ,. should he understood that the particular volume percents 
: la on L total volume of the ethylene dUcetate «.d etitylene c.r.«nat 
" the material » be removed is more soluble in either the ethylene d.ace.a.e o 
.L try en. carbona.. eompcnent. then the concentration of that component 
30 LdTre*™h„.e. The volume percent rule should he satisfied to have a 
mixture a. room temperature. A preferred mixture includes be.wee a^ 
about 5S volume perceit ethylene dlacetate and the "^ene 
Lunate. Although ,h. 40-« voWme percent range is preferred for room 
LCr^ture uses, any proportions of ethylene diaceta.e and ethylene carbon. 
35 ^ provide a Ik^id c«. probably be used. For instance, where the proporfon^ of 

T« ^ room temp^ature, i.... ethylene carbonate in amounts greater than 
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15 



20 



. 30 

I 



. >. „f the mhture to an elevated temperature will 
e^ut 60 volume percent, heafn, of 

... u iM?f5»« ftt the lowest temperature (i.e., the euiectic; wi 
composition wmch aoMif.«. » 

solidity as a constant composition solid regaroiess o , 

rmtl achieves th. eutecic composition at «ni=h point 
l°::C^irc!:o:« .nd ^ compound win solidir, as a constant 

composition. For the preierre „„,,,•.„„ about 50 volume 

ethylene dlacetate. It is believed the eutecfc composition s ab 

otr:.! resld: and recover, nuid,. Additional me.J«. o 
, mini tl^e solvent include solvent extraction using walar (as a second tluid) or 
rstu^rrecover, means. The spent solvent, mied «,th residue, can 

"""L solvent of the present invention can also h«lude other additives that are 
r ^.citic deanins problems and provide further improved 

. ft. oMectlve of providing a solvent with a low vapor pressure that 
uTtirr odories. dear, and nonto^c. Por example, al.hol. 

5 ^ d^^raas. th. surface t«l.ion of the solvent mixture. Purther, 

::^rg^.^th: ««« -vent ca, be used to dilute the 

'^ZZ mixture .0 reduce the power or aggressiveness the solvent ^, for 
!~lrfor acrylics. ModSate to high molecular weight alcohols or esters, 
example, lor acryiics alcohols, such as 

~o.claUT the fatty acid esters such as lanolin, the latty acio 
^ or other O, through C„ allcyl alcohols, that are lipophilic, can be use 
nZc. the abm^ of the solvent to clean greases and oils. When the lipophihc 
^ I. used, It ma, be nacesaar, to dissolve the additive in a low molecular 
^M drhol, »ch « .thanoW pHor to adding it to the eutectic mixture. 
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Because ethanol has a toxicity greater than the preferred components, it Is 

desirable to minimize the amount used. 

It has been found that when a multi-component mixture (i.e., alicyclic 

carbonate and polar compound plus additives) is formed, it is advantageous to use 
5 the eutectic mixture so that the ratio of the preferred ethylene carbonate to 

ethylene diacetate is preserved when the solvent Is recovered and cleaned. 

Referring to FIGURES 1-11, the results of a differential scanning 

calorimetry analysis show that within the ranges disclosed above for providing a 

liquid mixture of ethylene diacetate and ethylene carbonate at or around room 
10 temperature, the mixtures of FIGURES 1-7 exhibit a distinct exotherm at 

temperatures ranging from about -SS^C to about -64-C. Below is a 

summarization of the particular compositions graphically represented by 

FIGURES 1-11: 

Vol % Ethylene Vol % Ethylene 

^ n!o«af«tP Carbonate 



Figure 


Diacetate 


1 


45 


2 


50 


3 


55 


4 


60 


5 


65 


6 


70 


7 


75 


8 


40 


9 


80 


10 


85 


11 


90 



55 
50 
45 

20 . 60 40 

35 
30 
25 
60 

25 „ 80 20 

15 

Though not fully understood, it is believed that the exotherms lUustrated in 
FIGURES 1-7 indicate a nucleation of the ethylene diacetate and the ethylene 

30 carbonate molecules associated with the formation of a eutectic mixture. Strong 
intermolecular bonding occurs when enough energy is put into the system to allow 
molecular orientation Into a unique semi -crystalline state and is believed to 
prevent the individual components from behaving independently and solidifying. 
The independent behavior of the ethylene carbonate component is undesirable 

35 because it results In the ethylene carbonate solidifying out of the solvent mixture 
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at room temperature. This is iUustrated by FIGURE 8 which does not show an 
exotherm, but rather exhibits an endotherm at about 20-C which indicates a . 
portion of the ethylene carbonate solidifying out of the mixture. Although the 
ethylene carbonate solidifies out of the mixture represented by FIGURE 8 the . 
mixture is stiU a Uquid at or around room temperature. i.e., 20«C and is useful as 
a solvent within the context of the present invention. 

Referring to FIGURES 9-11, there are no exotherms similar to those 
iUustrated in FIGURES 1-7. which is believed to be a result of the dominating 
effect the excess ethylene diacetate has on the solvent mixture. That is. although 
some nudeation is occurring between the carbonate and diacetate molecules, the 
effect is not detectable by the differential scanning calorimeter because the heat 
associated with the nucleation Is negligible or Is absorbed by the ethylene 
diacetate. Nevertheless, the mixtures represented by FIGURES 3-11 still provide 
Uquid mixtures of ethylene diacetate and ethylene carbonate that are within the 
scope of the present invention. It Is believed that the exotherms in FIGURES 1-7 
demonstrate the eutectic of the -solvent mixture. The ability to evaporate the 
eutectic mixture (FIGURE 2) of the ethylene diacetate and ethylene carbonate to 
dryness without crystallization of the ethylene carbonate further supports th,s 

belief. ^. , , 

The solvents of the present invention exhibit properties that are particularly 
advantageous when talcing into consideration the increasing concern for user 
safety and health. For instance, the liquid mixtures of the present invention 
exhibit a vapor pressure that is less than about 1 mm Hg at 20-0, which means " 
that, at ambient conditions, the user will not be exposed to unnecessarily large 
amounts of solvent vapor that are normaUy associated with conventional solvents 
having higher vapor pressures. Further, the low vapor pressure of the mixtures of 
the present invention translates into a decreased flammability risk, as weU as 
virtually removing the risk of auto-lgnitlon of the solvent vapors. In fact, the 
preferred solvent mixtures have a flashpoint greater than about 93.7«C and would 
I be categorized as a noncombustible liquid according to the Occupational Safety 
and Hazards Administration (OSHA) standards. 

The solvent mixture without additives is essentially odorless, and is 
substantially neutral based on ASTM-D1093 for measuring pH. Further, the 
present solvents do not exhibit the photochemical reactivity that Is generally 
associated with the halogenated solvents that they are targeted to replace In 
industry. Another advantage of the solvent mixture of the present Invention is its 
relatively high vaporizationAwiUng temperature that allows the liquid solvent 
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20 



25 



„>.,„.e ,0 be usea 1. heated b.,^ or as a ho. n,Wu« withou. losing a a.bs.an.1.. 

7- . 

c! 1 excessive water that could promote corrosion of .be m.tl. F^her .be 
:rel be recovered . — ^ — - t ::rt 

: rsi::r — : p-e. .r ...d ctb,ie„e 

,nvent)on IS DO P ^^.^^ 5^^.^ 

r d: !:; .:lt tben disscve. X^e »Ut.re U .neran, subie 

"'"^trrrrr; .s . ... — tecbn,.es. « 

^ t. applied witb a cle«dn, ra. or brusb prior to scrubbing or it ma, be sprave 
r A^t coated with residue can also be immersed in . bath of the solvcn 
ZJ^rlr. ultrasound or other agitation ma, be used to enhance the removal 
mixture, wnere mwia method nvolves 

of the residue. Vapor degreasing can also be used, i his me 
of tne resiu substrate from a vapor. The amount of 

:r r:dr:nr r r^ir^^^^^^ the .... . residue 

. • f th- mixture Satisfactory cleaning can generally 
and the specific composition of the mixture, baiisiac y 

be determined visually. o-onAral 
The solvent mixture of the present invention has .ppl.cafon as a gene a. 
cunxT solvent tor polar and nonpolar residues, such as those generally 
ZTtert n the aeLpace and electronics Industr,. The solvent is also an 
e^re. less barsh solvent for fingernail enamel tb«. conventional, commerce 
e^I u movers. Table 1 provides a partial I« of residue, that ma, be removed 



with the solvent. 



wo 89/11526 



PCr/US89/01592 



-12- 
Example 1 

5 -t of test p.neh>,sed..l«s plate , 

— ;r.. .te. .o. 

0 = no effect on residue 

1 = slight effect on residue 

2 = removes residue almost completely with rubbxng and dwell t.me 

3 = removes residue completely with rubbing and dwell time 

4 = removes residue completely with rubbing 

5 = removes residue completely by pooling up prior to w.pmg off 
+ = visibly affects paint 

15 The candidate cleaners tested included: 

1. Hot ethylene carbonate 

2. Ethylene dlacetate 

3. 2-ethylhexyl acetate 

4. Ethyl 3-ethoxypropionate 
20 5. Triacetih 

6. Propylene carbonate 

7. Terpineol 

8. 1. 2-ppopylene glycol 

d. Methylethyllcetone (MEK) 

25 10. Tap water 

U. 46 vol methylene carbonate and 54 vol % ethylene diacetate. 
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Th. soiven, m,x«re (Sample II) ot tte pres... invention cleans as weU or 
tetter than ..e otl,er conventional solvents tested tor removing any res,due other 
than labels. 

Example 2 

5 Plastic panels llsUd in Table J were imcersed in the listed solvents tor a 

p„lod ot 16S hours (on. «.eW .0 .«« ^ <" «» " 

The results w«. observed «.d recorded accordln, to th. tollown, key. 

++ s major effect 

+ = some effect 

10 - r no effect 

The solvents tested were: 

1. Propylene carbonate 

2. Ethylene diacetate 

3. 2-ethylhexyl acetate 
15 4. 1, 2-propylene glycol 

5. Ethyl 3-ethoxy propionate 

6. Triacetin 
?• Terpineol 

8. Solvent of Example 1 (Sample 11) 
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The solvent mixture of the present invention does not adversely affect the 
plastic substrates tested, unlike many conventional solvents. 

Example 3 

The solvent mixture (Sample 11) of Example 1 was tested for its effectiveness 
5 in removing Kodak KPRS- and Dupont RISTON" photoresist and Kodak Thm Fi m 
Resist (KTFR-) from electronic circuitry equipment by contacting the photoresist 
and etch resist with the solvent. The solvent mixture removed KPR3 and 
RISTON- photoresist effectively upon 30 minutes of soaking without scrubbing. 
The removal was accelerated by heating the solvent. The solvent did not 
10 effectively remove the Kodak Thin Film Resist after a similar treatment. 

The present invention provides a liquid solvent mixture that is a nontoxic, 
nonflammable, and an effective alternative to conventional cleaning solvents hke 
MEK. The preferred mixture of ethylene carbonate and ethylene diacetate out 
performs most conventional solvents without harming the substrate, be it ceramic, 
glass, or plastic. The Examples show that the mixture of the present invention out 
performs ethylene diacetate. and that the mixture is a surprisingly effective 
solvent for most industrial cleaning applications, including removal of 

photoresist. ^ , • ^ 

one of ordinary skill, after reading the foregoing specification and claims, 
will be able to effect various changes, substitutions of equivalents, and other 
alterations without departing from the broad, inventive, concepts disclosed 
herein. The claims should be construed broadly in light of the description to 
include all described embodiments and their equivalents and should only be limited 
as required by the relevant prior art. 
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CLAIMS 



1. A solvent comprising: 

(a) at least one alieycUc carbonate; and 

(b) at least one polar compound selected from the ^roup consisting 
of alkyl diesters, alkyl diethers, and alkyl compounds containing both ester and 

5 ether groups. 

2. The solvent of Claim 1, wherein the polar compound is capable of 
forming a liquid mixture with the alicyclic carbonate at a temperature below the 
normal solidification temperature of the alicyclic carbonate. 

3. The solvent of Claim 1, wherein the polar compound includes ethylene 
10 diacetate. 

4. The solvent of Claim 1, wherein the alicyclic carbonate is ethylene 
carbonate. 

5. The solvent of Claim 4, comprising about 5 to about 60 volume percent 
ethylene carbonate. 

15 6. The solvent of Claim 3, comprising about 45 to about 55 volume percent 

ethylene diacetate and the remainder alicyclic carbonate. 

7. The solvent of Claim 6, wherein the alicyclic carbonate Includes 
ethylene carbonate. 

8. The organic solvent of Claim 4, wherein the alicyclic carbonate also 
20 includes propylene carbonate. 

9. The organic solvent of Claim 4, further comprising propylene glycol. 

10. A method of removing a residue from a solid substrate comprising the 
step of: 

contacting the residue with a liquid mixture comprising at least one alicyclic 
25 carbonate and at least one polar compound selected from the group consisting of 
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alkyl diethers, alkyl diesters. and alkyl compounds containing both ester and ether 
groups. 

11 The method of Claim 10, wherein the polar compound is capable of 
forming a liquid mixture with the alicyclic carbonate at a temperature below the 
5 normal solidifying temperature of the alicyclic carbonate. 

12. The method of Claim 10, wherein the polar compound includes ethylene 
diacetate. 

13. The method of Claim 10, wherein the alicyclic carbonate includes 
ethylene carbonate. 

10 14. The method of Claim 13, wherein the liquid mixture comprises about 5 
to about 60 volume percent ethylene carbonate. 

15. The method of Claim 13, wherein the liquid mixture comprises about 45 
to about 55 volume percent ethylene carbonate and the remainder ethylene 
diacetate. 

15 16. A strongly aprotic solvent comprising an eutectic mixture of ethylene 
carbonate and ethylene diacetate. 

17. The mixture of Claim 16, further comprising propylene carbonate. 

18. The mixture of Claim 16, further comprising a surfactant. 

19. The mixture of Claim 16, further comprising propylene glycol. 

20 20. A method for removing photoresist comprising the step of contacting a 
coated part with a mixture of a polar compound selected from the group 
consisting of allcyl ethers, alkyl.esters and alkyl compounds containing both ester 
and ether groups and an alicyclic carbonate for about 1-30 minutes. 

21. The mixture of Claim 16, further including at least one additive 
25 selected from the group consisting of fatty acid esters, fatty acid alcohols, and Cg 
through C20 *lkyl alcohols. 
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n Th. mixture of Claim 1. further tacludlnj at least one additive selected 
from L ^ou, co^Utin. of fat., -ters, fatty acid alcol^ls. and C. through 

C20 all^l alcohols. 

A mathod for removing Hnjamail enamel comprising °J 
5 contaottoj a coated substrate vrith a mixture of an alicycllc carbonate and a polar 
Cld selected from the ^oup consUtin. of ^^ dictbers, ailcy. diesters, and 
dkyl compounds containing botb ether and ester groups. 

24 A cleaning solvent that is substantially nonflammable and substantially 
nonvoUtn.. comprising a mixture of at least on. aliphatic carbonate and a poUr 
10 Xund. the mixture exhibiting a distinct exctherm under differential sc«.n.„g 
calorimetry. 

25. The solvent of Claim 24 wherein the aliphatic carbonate is cyclic. 

26 The solvent of Claim 24 wherein the polar compound includes at least 
one linkage selected from the group consisting of ether and ester linlcages. 

27 The solvent of Claim 26 wherein the polar compound is selected from 
the g«,up consisting of aliphatic dlethers. aliphatic diesters, and aliphatic 
compounds containing at least one ether and at least one ester linkage. 

28. The solvent of Claim 27 wherein the aliphatic carbonate is cyclic. 

29. The solvent of Claim 28 having a vapor pressure of less than about 1 
20 mm Hg at 20* C 

30. The solvent of Claim 28 f uther comprising a lipophilic additive. 

31. The solvent of Claim 29 wherein the polar compound is a saturated 
aliphatic diester. 

32. The solvent of Claim 31 wherein the aliphatic carbonate includes 
25 ethylene carbonate. 
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33. The solvent of Claim 32 wherein the aliphatic carbonate also includes 
propylene carbonate. 

34. The solvent of Claim 32 further comprising a lipophilic additive. 
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AHEM)ED QiAIMS 

[received by the International Bureau on 20 Septentoer 1989 (20 09.89) 
original dLaims 3,7,11,13,25,28 and 32 cancelled; remaining cla^ 
renumbered as claims 3-27 respectively wherein claims 8,12 19,20 
and 26 are amended; original claim 1 amended; new claims 28-32 

added (4 pages)] 

1. A low-toxicity solvent comprising: 

(a) at least one alicyclic carbonate including ethylene 

carbonate; and 

(b) at least one polar compound selected from the group 
consisting of alkyl diesters, alkyl diethers, and alkyl compounds 
containing both ester and ether groups. 

2. The solvent of Claim 1, wherein the polar compound is 
capabll of forming a licjuid mixture with the alicyclic carbonate 
at a temperature below the normal solidification temperature of the 
alicyclic carbonate. 

3. The solvent of Claim 1, wherein the alicyclic carbonate 
is ethylene carbonate. 

4. The solvent of Claim 1, comprising about 5 to about 60 
volume percent ethylene carbonate. 

5. The solvent of Claim l, comprising about 45 to about 55 
volume* percent ethylene diabetate and the remainder alicyclic 
carbonate . 

6. The organic solvent of Claim 1, wherein the alicyclic 
carbonate also includes propylene carbonate. 

7. The organic solvent of Claim 1, further comprising 
propylene glycol. 

8. A method of removing a residue from a solid substrate 

30 comprising the step of: 

contacting the residue with a liquid mixture comprising 
ethylene carbonate and at least one polar compound selected from 
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the group consisting of alkyl diethers, alkyl diesters, and alkyl 
compounds containing both ester and ether groups. 

9. The method of Claim 8, wherein the polar compound 
includes ethylene diacetate. 

10 The method of Claim 8, wherein the liquid mixture 
comprises about 5 to about 60 volume percent ethylene carbonate. 

11 The method of claim 8, wherein the liquid mixture 
comprises about 45 to about 55 volume percent ethylene carbonate 
and the remainder ethylene diacetate. 

12 A strongly aprotic solvent consisting essentially of a 
eutectic mixture of ethylene carbonate and ethylene diacetate. 

13. The mixture of Claim 12, further comprising propylene 
carbonate . 

14. The mixture of Claim 12, further comprising a surfactant. 

15. The mixture of Claim 12, further comprising propylene 
glycol . 

16 A method for removing photoresist comprising the step of 
contacting a coated part with a mixture of polar compound selected 
from the group consisting of alkyl ethers, alkyl esters and alkyl 
compounds containing both ester and ether groups and an alicyclic 
carbonate for about 1-30 minutes. 

17 The mixture of Claim 12, further including at least one 
additive selected from the group consisting of fatty acid esters, 
fatty acid alcohols, and C, through C„ alkyl alcohols. 

18 The mixture of Claim 1, further including at least one 
additive selected from the group consisting of fatty acid esters, 
fatty acid alcohols, and C^ through C,o alkyl alcohols. 
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19 A method for removing fingernail enamel comprising the 
step of contacting a coated substrate with a mixture of ethylene 
carbonate and a polar compound selected from the group consisting 
of alkyl diethers, alkyl diesters, and alkyl compounds containing 
both ether and ester groups. 

20 . A cleaning solvent that is substantially nonflammable and 
substantially nonvolatile, comprising . a mixture of ethylene 
carbonate and a polar compound, the mixture exhibiting a distinct 
exotherm under differential scanning calorimetry. 

21. The solvent of Claim 20 wherein the polar compound 
includes at least one linkage selected from the group consisting 
of ether and ester linkages. 

22. The solvent of Claim 21 wherein the polar compound is - 
selected from the group consisting of aliphatic diethers, aliphatic 
diesters, and aliphatic compounds containing at least one ether and 
at least one ester linkage. 

23. The solvent of Claim 20 having a vapor pressure of less 
than about 1 mm Hg at ZO'C. 

24. The solvent of Claim 23 further comprising a lipophilic 
additive. 

25.. The solvent of Claim 23 wherein the polar compound is a 
saturated aliphatic diester. 

26. The solvent of Claim 25 further comprising propylene 
carbonate. 

27. The solvent of Claim 25 further comprising a lipophilic 
additive. 

28. The method of Claim 16 wherein the alicyclic carbonate 
is ethylene diacetate. . . . ... 
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29. The laethod of Claim 28 wherein the polar compound is 
ethylene diacetate. 

30. The method of Claim 29 comprising about 45 to about 55 
volume percent ethylene carbonate. 

31. The method of Claim 16 further comprising the step of 
heating the mixture. 

32. The method of Claim 30 further comprising the step of 
heating the mixture. 
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